Background: Fecal immunochemical test (FIT) diagnostic accuracy for colorectal adenoma detection in colorectal cancer screening is limited.
Introduction
Colorectal cancer is the third most common cancer worldwide and the second leading cause of cancer-related death (1) . Evidence from several studies has shown that colorectal cancer screening is cost saving (2) in averagerisk population. Recommended colorectal cancer screening strategies fall into 2 groups: stool tests (occult blood and exfoliated DNA tests) and structural examinations (flexible sigmoidoscopy, colonoscopy, and computed tomography colonography). Stool tests primarily detect cancer, and structural examinations detect both cancer and premalignant lesions (3) . Stool tests searching for occult blood, guaiac test and fecal immunochemical test (FIT), are predominantly implemented in Europe and Australia, whereas colonoscopy is the dominant screening modality in the United States.
Recently, a randomized pragmatic noninferiority trial has shown that FIT is equal to colonoscopy in terms of detecting colorectal cancer at the first round of colorectal cancer screening because of its elevated diagnostic accuracy and higher participation rate (4) . Furthermore, recently published data have shown that FIT sensitivity for detecting colorectal cancer is more than 74% in colorectal cancer screening and symptomatic patients evaluation (5) (6) (7) (8) (9) (10) (11) . However, the main pitfall of FIT as a colorectal cancer screening method is that detection rate and diagnostic yield for advanced adenomas is inferior to colonoscopy (4) (5) (6) . Lower participation in screening colonoscopy (4) and conducting FIT periodic consecutive rounds (12) could reduce the difference in adenoma detection rate.
Several studies have tried to evaluate which characteristics of adenomas are associated with a positive FIT result. Number and size of adenomas, location, and pedunculated morphology seem to be related to a positive result (13) (14) (15) (16) (17) . However, these findings need to be confirmed (14) . Recently, we performed 2 cross-sectional diagnostic test studies to evaluate the most appropriate number of determinations and cutoff of an automated semiquantiative FIT for advanced neoplasia and colorectal cancer detection in average (8) and familial risk (7) colorectal cancer screening. FIT diagnostic accuracy for colorectal cancer and advanced neoplasia was equivalent in both cohorts (18) . In the analysis we present here, we aimed (i) to analyze whether the presence of advanced adenomas, the risk of developing metachronous lesions, as well as the location (distal/proximal to splenic flexure) are associated with a greater likelihood of having a positive FIT result at 2 fecal hemoglobin threshold (50 and 100 ng/mL); and (ii) to determine the individual characteristics of adenomas independently associated with a positive test.
Materials and Methods

Study design
This is a post hoc analysis based on 2 blinded, multicenter, prospective cross-sectional studies of diagnostic tests performed in 3 Spanish tertiary hospitals between January 2010 and December 2011. These 2 studies aimed to determine the number and the best cutoff point of FIT determinations in average and familial-risk colorectal cancer screening (7, 8) . A total of 1,317 individuals were recruited, and the most advanced lesion was a colorectal cancer in 9 patients, adenomas in 474 individuals, and nonneoplastic polyps in 179. The remaining 655 patients had a normal colonoscopy. Only patients with colorectal adenomas, as the most advanced lesion, were included in this analysis (Fig. 1) .
Study interventions
Two stool samples from each subject were collected a week before the colonoscopy. FIT was assessed using the automated OCsensor (Eiken Chemical Co.), without specific diet or medication restrictions. The stool sample was collected by the subject and introduced immediately in the stool container, according to manufacturer's specifications. Only first FIT determination was taken into account for this analysis. FIT results were considered as a qualitative test with 2 cutoff concentrations: 50 and 100 ng hemoglobin (Hb)/mL. Spanish colorectal cancer population screening programs consider 100 ng Hb/mL as the cutoff point to invite for colonoscopy (19) . Colonoscopy was performed blind to FIT result. Bowel cleansing, sedation, and colonoscopy procedure were performed according to the Spanish Guidelines on Quality of Colonoscopy in colorectal cancer screening (20) . All colonoscopies were performed by experienced endoscopists (>200 colonoscopies per year; ref. 20) . Anonymous data from each individual included and lesions detected were registered in an online database (www.coloncruzer.org).
Definition and classification of adenomas
The following characteristics of adenomas were collected: size (in mm), morphology according to Paris classification (ref. 21 ; pedunculated, sessile, and flat), villous architecture (>20%), high-grade dysplasia, and location (distal/proximal to splenic flexure). On the basis of the risk of developing a colorectal cancer, adenomas !10 mm in size, with villous architecture, high-grade dysplasia, or intramucosal carcinoma were classified as advanced adenomas (22) . Subjects were classified according to the most advanced lesion, advanced adenomas or non-advanced adenomas, and the location, at least one lesion distal to splenic flexure or only lesions proximal to splenic flexure. According to the European guidelines for quality assurance in colorectal screening and diagnosis, individuals were classified as low ( 2 non-advanced adenomas), intermediate (3-4 adenomas, 10-20 mm in size, <10 mm advanced adenomas), or high (!5 adenomas or !20 mm in size) risk for metachronous lesions (23) .
Data analysis
Continuous variables were described using mean and standard deviation, and categorical variables by the absolute number and percentage value. Comparisons to identify differences in FIT positivity rate (at 50 and 100 ng Hg/mL threshold) between individuals according to baseline characteristics, the most advanced lesion, the adenoma's morphology and the location were performed using the x 2 and the Cochran-Mantel-Haenszel test. We used the Student t test to detect differences in FIT positivity rate in relation to the characteristics of the adenomas. Finally, a logistic regression analysis with forward (likelihood ratio) entry was performed to detect those adenoma characteristics (per adenoma) independently related to a positive FIT result. Differences were reported as odds ratios (OR) with 95% confidence intervals (95% CI) and their significance. A P-value <0.05 was considered statistically significant. Statistical analyses were done using the SPSS statistical software, version 15.0 (SPSS Inc.).
Other aspects
The study was approved by the Galician Clinical 
Results
Description of adenomas
A total of 925 adenomas were identified in the 474 patients included in the analysis (1.95 AE 1.8 adenomas/ patient). In 377 patients (79%), 2 adenomas were detected, in 69 (14.5%), 3 or 4 adenomas were found and 28 (5.9%) patients had at least 5 adenomas. Their mean maximum size was 7.35 AE 5.92 mm (780, <10 mm; 116, 10-19 mm; 29, !20 mm). Mainly, the histology of the adenomas was tubular (840 tubular, 52 villous, 33 high-grade displasia, 10 villous and high-grade displasia), their morphology was sessile (485 sessile, 196 pedunculated, 227 flat), and most of them were located distal to splenic flexure (583 distal, 341 proximal). In 145 patients, 189 advanced adenomas were found (1.3 AE 1 advanced adenomas/patient), 119 (25.1%) patients had 1 advanced adenomas on colonoscopy, 20 (4.2%) had 2 advanced adenomas, and 6 (1.2%) had more than 2. Advanced adenomas were located preferentially in the distal colon (69%) and most of them were pedunculated (53% pedunculated, 29% sessile, 18% flat). Finally, the proportion of pedunculated adenomas (distal 26.2%, proximal 13.5%; P < 0.001) and pedunculated advanced adenomas (distal 62.6%; proximal 30%; P < 0.001) was significantly increased in the distal location.
We found an inverse relation between the detection of flat adenomas and pedunculated adenomas. So, a pedunculated adenoma was found in 29 of 149 individuals (19.5%) with a flat adenoma. In contrast, a pedunculated adenoma was found in 115 of 325 individuals (35.4%, P < 0.001) without flat adenomas.
Patient characteristics
The baseline patients characteristics are summarized in Table 1 . Considering European guidelines, 49 (10.3%) were classified as high risk, 143 (30.2%) as intermediate risk, and the remaining, 282 (59.5%), as low risk. However, 24.5% and 24.1% of the individuals had adenomas and advanced adenomas located only proximal to the splenic flexure, respectively. 
Relation between patient characteristics and a positive FIT result
At a 100 ng/mL fecal hemoglobin threshold, 61 patients presented a positive result and at a 50 ng/mL threshold, 71 patients had a positive result. No statistical differences were found in terms of age (OR, 1.02; 95% CI, 0.98-1.06; P ¼ 0.2), sex (OR, 0.67; 95% CI, 0.17-1.19; P ¼ 0.2), colorectal cancer familial history (OR, 1.11; 95% CI, 0.64-1.9; P ¼ 0.7), previous colonoscopy (OR, 0.72; 95% CI, 0.27-1.9; P ¼ 0.6), bowel cleansing (OR, 1.1; 95% CI, 0.52-2.34; P ¼ 0.2), and cecal intubation (OR, 0.43; 95% CI, 0.04-4.23; P ¼ 0.4) at a 100 ng Hb/mL threshold. No statistical differences were found either at a 50 ng Hb/mL cutoff point. Individuals with advanced adenomas and high-or intermediate-risk lesions according to European guidelines had statistically more probabilities to get a positive FIT result at a 100 ng Hb/mL threshold (OR, 8.8; 95% CI, 4.7-16.2; OR, 20.1; 95% CI, 8.8-45.8; OR, 6; 95% CI, 2.9-12.4; P < 0.001). Individuals with only proximal adenomas (OR, 0.13; 95% CI, 0.04-0.4) or advanced adenomas (OR, 0.15; 95% CI, 0.1-0.5) had statistically less probabilities to have a positive FIT result at the same threshold. Furthermore, individuals with advanced adenomas both distal and proximal to splenic flexure had statistically more probabilities to have a positive FIT result (100 ng Hb/mL) than patients with only proximal advanced adenomas (37.5%, 8.6%; P ¼ 0.02). These differences were maintained when a 50 ng Hb/mL cutoff point was evaluated (Table 2) . Besides, the presence of at least 1 pedunculated adenoma was significantly associated with the risk of a positive FIT result at 50 ng/mL (OR, 7.2; 95% CI, 4.1-12.5) and 100 ng/mL (OR, 9.8; 95% CI, 5.2-18.4) cutoff points. In contrast, the presence of at least 1 flat adenoma was significantly associated with a reduction in the risk of a positive FIT result (100 ng/mL; OR, 0.4; 95% CI, 0.2-0.9).
Relation between characteristics of adenomas and a positive FIT result
As Table 3 shows, maximum size (overall and distal), number of adenomas (overall and distal), advanced adenomas (overall and distal), adenomas with villous histology (overall and distal), adenomas with high-grade dysplasia (distal), and pedunculated adenomas (overall and distal) were statistically increased in individuals with a fecal hemoglobin !100 ng/mL. In contrast, total number of flat distal adenomas was statistically decreased in individuals with a positive FIT result. Using a logistic regression model, we found that adenoma characteristics such as number of adenomas (OR, 1.22; 95% CI, 1.04-1.42; P ¼ 0.01), number of pedunculated adenomas (OR, 2.28; 95% CI, 1.48-3.5; P < 0.001), and maximum size of distal adenomas (mm; OR, 1.24; 95% CI, 1.16-1.32; P < 0.001), correlates with a positive result at 100 ng Hb/mL threshold. In contrast, total number of distal flat adenomas (OR, 0.44; 95% CI, 0.21-0.96; P ¼ 0.04) correlates inversely with a positive FIT result.
However, the characteristics of adenomas statistically related to a positive result at a 50 ng Hb/mL cutoff were maximum size (overall and distal), number of adenomas (overall and distal), advanced adenomas (overall and distal), adenomas with villous histology (overall and distal), adenomas with high-grade dysplasia (proximal and distal), and pedunculated adenomas (overall and distal). In contrast, total number of flat distal adenomas was statistically associated with a negative result (Table  4 ). In summary, results from the logistic regression model showed that the variables independently related to a positive result were number of adenomas (OR, 1.24; 95% CI, 1.07-1.43; P ¼ 0.004), number of distal flat adenomas (OR, 0.55; 95% CI, 0.31-0.98; P ¼ 0.04), number of pedunculated adenomas (OR, 2.02; 95% CI, 1.32-3.1; P ¼ 0.001), and maximum size of distal adenomas (mm; OR, 1.21; 95% CI, 1.13-1.28; P < 0.001). 
Discussion
Our analysis has defined the subjects and adenomas characteristics associated with a positive FIT result at 2 cutoff points: 50 and 100 ng Hb/mL. We have shown that individuals with advanced adenomas and with higher risk of metachronous adenomas (according to European guidelines) have more probabilities to get a positive FIT. On the other hand, individuals with adenomas or advanced adenomas only in the proximal colon are less prone to a positive result. Finally, we have determined that adenomas' morphology (number of flat and pedunculated adenomas) as well as number of adenomas and maximum size of distal adenomas correlates with a positive result.
In a recently published randomized control trial, FIT colorectal cancer screening detected a similar number of patients with colorectal cancer than colonoscopy on the baseline screening examination. However, more adenomas were identified in those patients randomized to colonoscopy. Although participation rate was higher in the FIT group, the first round of FIT screening detected about half as many patients with advanced adenomas as colonoscopy (4) . The superiority of colonoscopy for detecting advanced adenomas should be considered a potential advantage for this strategy in terms of reducing not only colorectal cancer mortality but also colorectal cancer incidence (3). However, it should be noted that FIT colorectal cancer screening is based on periodical consecutive rounds that may reduce an initial apparent disadvantage.
Several published studies have tried to delimitate what are the characteristics of the adenomas detected by FIT in colorectal cancer screening. Mainly, an association has been found with adenoma size, number, morphology, and location (13) (14) (15) (16) (17) . Our results are consistent with previously published studies. Total number of adenomas, pedunculated adenomas, and maximum size of distal adenomas were independently related to a higher positive FIT Cancer Epidemiology, Biomarkers & Preventionlikelihood. In contrast, the number of flat adenomas was associated with a lower positive FIT probability. In fact, we confirm previous data that suggested a relation between pedunculated adenoma morphology and a positive result (14) . The inverse relation between number of flat distal adenomas and a positive FIT result deserves special attention. This association may be because of the intrinsic characteristics of flat adenomas: mainly nonadvanced, located proximally, and less prone to bleed when compared with pedunculated adenomas. Besides, we have found an inverse relation between flat and pedunculated adenomas, especially in the distal colon that could explain this relation. However, we cannot clearly explain the inverse relation we have detected between distal flat adenomas and a positive FIT result. Sensitivity of FIT according to location deserves special attention. Sigmoidoscopy, as a colorectal cancer screening test, is performed to detect distal advanced neoplasia and, if present, complete colonoscopic exploration. Recent studies have found that sigmoidoscopy reduces colorectal cancer mortality and incidence only because of a reduction in distal colorectal cancer without affecting rightsided colorectal cancer incidence or mortality (24, 25) . It is well known that up to 45% of the individuals with advanced proximal neoplasia do not present distal advanced lesions (26) . In fact, in our analysis up to 24% of the patients had advanced adenomas confined only in the right colon. A combined screening strategy based on sigmoidoscopy and FIT has been proposed in order to increase the diagnostic yield for proximal colonic neoplasia (27) . Recently, a systematic literature review has tried to determine the sensitivity of FIT for proximal neoplasia on the basis of previously published articles. Most of the studies showed a higher sensitivity of fecal occult blood test for advanced neoplasia in the left colon versus right colon. However, the available literature is scarce and not entirely consistent (14) . Our analysis has demonstrated that a patient with distal advanced adenomas has 6.67 more probabilities to get a positive FIT result than a patient with only advanced proximal adenomas. This difference was also maintained if patients with only proximal advanced adenomas were compared with patients with proximal and distal advanced adenomas. Several reasons may explain this difference in FIT sensitivity for right-sided versus left-sided advanced adenomas. First, the sensitivity of fecal occult blood tests has been shown to be significantly higher for adenomas with advanced histology, larger size, and pedunculated shape (15, 17) . In our study, distal advanced adenomas were mainly pedunculated shaped, in contrast with proximal advanced adenomas, that were mainly sessile or flat lesions. Second, a lower sensitivity for right sided adenomas could be also related to a longer bowel passage and to a different stool consistency (14) .
However, colorectal cancer screening aims to reduce colorectal cancer mortality by detecting colorectal cancer at earlier stages and by detecting precancerous lesions with high malignancy potential (3). Several adenoma factors have been related to the risk of progressing to colorectal cancer (22, 28) and developing metachronous neoplasia. FIT sensitivity increases according to the adenoma risk of colorectal cancer progression and metachronous neoplasia development (23, (29) (30) (31) . Previous studies have clearly demonstrated that the probability of a positive test increases with the presence of advanced adenomas or high-risk adenomas (according to the American guidelines; refs. [13] [14] [15] [16] [17] . However, no study has evaluated the sensitivity of FIT to detect adenomas on the basis of European guidelines classification, so far. Our study has shown that FIT detects 44.9% to 46.9% patients with high-risk adenomas in one round. In contrast, the lower detection rate of low-risk lesions might be seen as an advantage of FIT colorectal cancer screening, because it would reduce the number of individuals needed to scope with a consequent saving in costs and minimization of potential colonoscopy-related complications.
Our study has several limitations. First, we have limited our analysis to patients in whom adenomas were detected. We have previously analyzed FIT diagnostic accuracy for colorectal cancer and advanced neoplasia detection (7, 8) .
The aim of this analysis was to determine which adenomas characteristics were related to a positive FIT result. For this reason, we have delimited the analysis to patients with adenomas. The second limitation of our study is that we have only considered one FIT determination. However, in our experience, performing 2 tests does not enhance the accuracy to detect advanced neoplasia (7, 8) . In fact, the most accepted FIT colorectal cancer screening strategy is based on a FIT determination with a 100 ng Hb/mL threshold (19) . The third limitation of our analysis is that we considered colonoscopy as the gold standard for detecting adenomas. It is widely known that colonoscopy sensitivity for adenomas is variable, depending mainly in technical issues (31, 32) . Several associations have produced clinical guidelines to improve colonoscopy quality and to reduce risks associated with colonoscopy in colorectal cancer screening setting (20, 31, 32) . Our endoscopists have adhered to Spanish and European guidelines for the quality of colonoscopy (20) . It is relevant that cecal intubation rate exceeds 97% and the adenoma detection rate reaches 38% (7, 8) . Finally, we have determined that several individual characteristics (sex, colorectal cancer familial history, age, previous colonoscopy, bowel cleansing, or cecal intubation) were not related to a positive FIT result in the individuals with adenomas on colonoscopy. We must remember that individuals with a colorectal cancer or a normal colonoscopy were excluded, so these results must be evaluated just as an internal analysis to control bias. However, our analysis has some strengths. First, it is based on 2 prospective cross-sectional diagnostic tests studies that included 1,317 asymptomatic individuals that performed a colonoscopy as a colorectal cancer screening method. We have used a semiquantitative automated FIT to determine the fecal hemoglobin and the colonoscopy was performed blind to the result. Finally, we collected data from each adenoma: size, location, morphology, and histology, as well as the total amount of adenomas. These data have allowed us to differentiate between the different variables associated with a positive FIT result.
In conclusion, we have determined that FIT sensitivity for adenomas increases with the risk of progression to colorectal cancer and developing metachronous neoplasia. FIT has a low sensitivity for detecting advanced adenomas limited to proximal colon. Finally, we have identified 4 variables independently related to a positive FIT determination. These factors should be considered in the context of the development of new biomarkers for colorectal cancer screening.
